Sexual disturbances in diabetes are frequently observed. Impotency is the most frequent complaint of male patients suffering from diabetes. In spite of a considerable literature dealing with the sexual disturbances in diabetics (by Foglia et al.,1 Schoffiing et al., 2 Willianueva, 3 and others) , the mechanism of impairment of sexual function in diabetics is still unknown. The present investigation is intended to clarify the mechanism of the disorders.
MATERIALS AND METHODS
Mature male dogs and rats of Wistar strain were used in the present experiments. The animals were treated with alloxan injections or submitted to subtotal pancreatectomy (95% pancreatectomy). Only those cases which had characteristic signs of diabetes and glucosuria were employed throughout the experiment. On the other hand, specimens of well preserved pituitaries, thyroids, adrenals and gonads obtained from routine autopsy cases with diabetes at the Department of Pathology, Tohoku University School of Medicine, were selected for study, and 11 specimens from non-diabetic cases were used as controls. The cases with history of endocrine diseases or hormonal therapy were excluded from the study. Determinations of urinary excretion of pituitary gonadotropin in 15 diabetics and urinary steroid excretion in 19 diabetics were also performed. 
Histological observations
The adenohypophysis in human diabetics: The results obtained are summarized in Table 1 . Cell counts were performed on the pituitaries of 11 patients with clinical diabetes mellitus. In comparison to the overall control group, the proportion of chromophobes remained unchanged, but there was a significant increase in the percentage of acidophil cells and a significant decrease in the relative number of basophil cells (Figs. 1 and 2 ). In most of the cases, alpha cells represented the predominant cell type and many of these cells were large with likewise large nuclei and contained heavy granules. On the other hand, vesicles and degranulation were often found in basophil cells, especially in delta cells in many cases. Beta cell was the predominat cell type of basophil cells, and in some cases no delta cell was seen in the glands. Partial fibrosis and hyperemia were also found in some cases.
The thyroid gland in human diabetics: In most of the patients, the follicles of the thyroid were large and their epithelial cells were low and flat. The colloid was abundant and thick ( Fig. 3) . In some cases, follicular colloid overflowed into the interstitial tissue. These appearances indicated a hypofunction of the thyroid gland. But in a few cases, the follicles were small and follicular epithelial cells were tall and columnar. The colloid was decreased in amount, thin, pale and vacuolated or scalloped around the edges (Fig. 4) . These appearances were interpreted as an expression of hyperthyroidism.
The adrenal glands in human diabetics: Characteristic features of the adrenal cortex in diabetes were hyperplasia of the zona fasciculata. The layer was generally composed of compact cells and partially of clear cells. Small vacuoles in these cells and disturbed cellular arrangements were frequent observations of this layer (Fig. 5) . Small nodular foci of hyperplasia, composed of compact cells, were found in some cases (Fig. 6) . Sclerosis of capsular arteries of the adrenal cortex was also recognized. No remarkable change was found, except hyperemia, in the zona glomerulosa, zona reticularis and adrenal medulla.
The testes in human diabetics: As the human diabetic cases on which histologi cal examinations of the testis were performed generally belonged to advanced ages, senile atrophy of the organ was frequently observed. But this change was severer than in the non-diabetic aged. In only one case, aged 29, the tubules were atrophied and the basement membrane of the canaliculi was thickened. Spermatogenesis ceased almost completely in the majority of the tubules. The quantity of germinal tissue was considerably decreased and the Sertoli cells were prominent (Fig. 7) . Edema of the interstitial tissue and sclerosis of arteries were observed. In some cases, the interstitial connective tissue was remarkably increased. In all the cases, changes of the Leydig cells were not so conspicuous. The testes in diabetic animals: Histological examinations of the testes were performed on diabetic dogs and rats between one and twenty-one weeks after the onset of manifest diabetes. Histological examinations revealed tubular altera tions of diverse degrees, characterized by a delay in spermatogenesis. The final development of spermatides and spermatozoa was especially affected (Fig. 8 ). These changes were progressive and mainly degenerative in character. The amount of germinal tissue was considerably decreased and the Sertoli cells were prominent. The basement membrane was thickened. Interstitial cells and connective tissue were remarkably increased in some cases (Fig. 9) .
The ovaries in human diabetics: Almost all the human autopsy cases which were histologically examined for ovaries fell under the age group after the menopause, and senile atrophy of the organs was remarkable. Even in a 38-year -old female, however, mature follicles disappeared almost completely, accompanied by fibrosis, hyperemia and bleeding ( 
Histochemical observations of the testes in diabetes
The cytochemical distribution and behavior of polysaccharides and mucopolysaccharides of the testes of the experimental diabetic animals and human diabetics were examined. The basement membrane of diabetic testes was stained stronger than that of the normal testes of control animals with PAS technique (Fig.  11 ). Spermatogenic cells, especially those near the basement membrane, exhibited strong affinity to Alcian blue (Fig. 12 ). The metachromasia with toluidine blue on tissue sections was distinctly demonstrated at pH 1.5 or 3.0 (Fig. 13) . The reactions were concerned with the enzyme activities of Etnbden-Meyerhof shunt, fructose monopohsphate shunt and TCA cycle of the testes in diabetic conditions. However, no definite tendency in the reactions was found in relation to the disease. The findings as previously described of human diabetic testes were also confirmed.
Biochemical observations of the testes
The results of biochemical investigations are summarized in Table 2 . The values of Qo2 showed a slight and transient decrease in the initial stage of 
DISCUSSION
Histological changes of the adenohypophysis in diabetes have hitherto been reported by many investigators. Kraus11 observed decreased weight of the pitui tary and significant decrease, atrophy and atypism of eosinophil cells , stating that many of the nuclei of eosinophils were pyknotic in the pituitaries of human diabetics . He also recognized the changes previously described for experimental diabetic cats. Experimental observations of the adenohypophysis of diabetic dogs were made by Nagayo,12 Iwata,13 Nishimura,14 Honjol5 and many others. They noted a decrease of basophil cells as well as acidophil cells. On the other hand, Jersov16 said that no remarkable change was recognized in the adenohypophysis of diabetic dogs. Bassi17 reported that in the early stage eosinophil cells were increased in the adenohypophysis of alloxan-diabetic rabbits, and basophil cells were gradually increased. Nasul8 said that increase of eosinophil cells, and decrease of basophil cells and chromophobes were recognized in the adeno hypophysis of experimental diabetic animals. In our investigation, the character istic changes in the adenohypophysis of human subjects were a remarkable increase of eosinophil cells and a remarkable decrease of basophil cells, especially of delta cells. patients showed hyposecretion of the hormone. These results suggest that pituitary gonadotropin deficiency will play an important part in the pathogenesis of sexual disturbances in diabetics.
Warren and LeCompte19 noted that in rats with alloxan diabetes remarkable changes suggesting hypothyrodism were observed, but similar changes were not confirmed in the thyroid of human diabetics in their study. We observed, however, a remarkable change suggesting reduced thyroid function in human diabetic subjects. Nagahama,20 Weller,21 Nishimura et al.,14 Kraus,11 Nagayo12 and many others reported that reduced lipoid, hyperemia, bleeding and hyperplasia of the zona fasciculata with vacuolated cells and atrophy of the zona reticularis in the adrenal cortex were found in human diabetics, in alloxan-diabetic rabbits and rats and in subtotally panreatectomized dogs. Both Nasu18 and Hasegawa22 observed hyperemia, hyperplasia of cells containing many magenta vesicles, disturbances of cell arrangement and many giant cells in the zona fasciculata in allxoan-diabetic rabbits. These authors also found hyperemia, hyperplasia of the cells of the zona reticularis intermingled with many vesiculated cells. On the other hand, they noted that there was no remarkable change in the zona glomerulosa and medulla of the adrenal gland. In our investigation, characteristic features of the adrenal cortex in diabetes were hyperplasia of the zona fasciculata. No remarkable change except hyperemia, in the zona glomerulosa, zona reticularis and medulla of the gland was recognized. It is generally accepted that the zona fasciculata is associated with secretion of glucocorticoid. In this respect, it is interesting that the adrenal gland of diabetics shows a remarkable change in the zona fasciculata. But the mechanism of impairment of this layer is still unknown. Botella23 thought that the zona reticularis is associated with secretion of androgenic hormone. Nishimura et a1.,14 Nasul8 and Hasegawa22 observed a remarkable change in the zona reticularis in experimental diabetic animals. We suppose that the lesion of reticular zone may be one of the causes of sexual disturbances in diabetics.
Warren and LeCompte,19 Schoffiing et al.2 and Ishigami24 observed thicken ing of the tubular basement membrane, defective spermatogenesis and a reduced number of the Leydig cells. Hasegawa22 reported that defective spermatogenesis, thickening of tubular basement membrane and giant cells in the tubules were observed in diabetics, but he also said that the change in theinterstitial tissue was not so remarkable. In our investigation, the characteristic change in the testicular tissue of diabetics was represented by thickening of tubular basement membrane, defective spermatogenesis, edema and fibrosis of the interstitial tissue. The Leydig cells were not increased in number except in a small number of cases. Schoffiing thought that impotency and infertility in male diabetics were frequently due to hypogonadotropic hypogonadism. We suppose that testicular hypofunction in diabetics may result from pituitary gonadotropin deficiency on account of reduced delta cells. In addition, both Saito25 and Kurihara26 in our Department observed degenerations of nerve fibers innervating the gonads in human diabetics and experimental diabetic dogs (Fig. 16) . These results suggest that testicular atrophy of diabetics are not only due to hormonal, but also to neurogenic factors.
The activities of the ovary in diabetes are poorly understood. The ovaries of our female diabetics before climacterium were distinctly atrophied just like the testes in male diabetics. We believe that these noticeable changes are exerted by hormonal and neurogenic factors responsible for diabetic disturbances.
Arzac,27 Montagna and Hamilton,28 Mancini et al.29 and many others applied some histochemical techniques to normal and atrophic human testes and made a detailed description on the localization of various lipid types, glycogen, mucoprotein, phosphatase, ascorbic acid and so on in examined gonads. However, a report of histochemical investigations of the testes in diabetes is not known up to the present time. In our investigation, the basement membrane of the testes in diabetics was stained stronger than the structure in the normal testes with PAS technique. Spermatogenic cells, especially those in the vicinity of the basement membrane, were intensively stained with Alcian blue. Distinct metachromasia with toluidine blue was recognized at pH 1.5 and 3.0 in the testicular tissue of diabetics. These histochemical changes would be associated with the disturbance in carbohydrate metabolism in the course of diabetes.
Subsequent to testicular injuries, Qo2 of the testicular tissue of adult rats rises as shown for the cryptorchid testis by Tepperman et al. 30 and for the nitrofuran treated or X-ray irradiated testis by Steinberger and Wagner.31 Featherstone et al.32 concluded that the elevation of Qo2 was related to the absence of the more mature types of the germinal epithelial cells in the damaged organ. Tepperman, on the other hand, suggested that the altered ratio of germinal epithelial cells to the Leydig cells is responsbile for the changes in Qo2. Steinberger and Wagner31 also considered that increased Qo2 was related to the presence of the Leydig cells, and that the ability of the cells to change Qo2 was apparently controlled by gonadotropin. In our experimental investigations, Qo2 and Qco2, especially the latter of the testicular tissue was generally found increased.
Miller and Mason,33 Horstmann34 and Schoffiing et al.2 observed that urinary excretion of 17-ketosteroids in diabetic patients with impotency was increased. Schoffiing also said that chromatographic fractionation of 17-ketosteroids revealed that their augmented excretion reflected an increase in metabolites of adrenal steroids of low androgenic potency, while metabolites of testosterone were decreased.
On the other hand, Ishigami24 reported that urinary excretion of 17 ketosteroids in diabetics was decreased.
Mori35 noted that chromatographic fractionation of 17-ketosteroids revealed that the ratio of androsterone+ etiocholanolone to dehydroisoandrosterone+ll-oxy-17-ketosteroid strikingly decreased.
He also stated that the ratio of these 17-KS fractions was not influenced by increase or decrease of total urinary 17-KS excretion.
In our diabetic patients it was demonstrated that urinary excretion of 17-KS and 17-OHCS was normal in most of the patients.
We assume that these results are related to relatively intact Leydig cells and well preserved zona reticularis in our diabetic patients.
As mentioned above, histological, histochemical and biochemical changes in the internal secretory organs in diabetics were noticed. The mechanism of impairment of these organs is not yet obvious.
But the results of our present investigations make it probable, that these changes are due to deficiency of TSH, ACTH and gonadotropin resulting from the degenerative changes of the adenohypophysis in diabetics.
Moreover, sexual disturbances in diabetics are not only attributable to deficient pituitary gonadotropin, but also to degeneration of nerve fibers innervating the gonads. 
